Context. Variability across the electromagnetic spectrum is a property of active galactic nuclei (AGN) that can help constrain the physical properties of these galaxies. Nonetheless, the way in which the changes happen and whether they occur in the same way in every AGN are still open questions. Aims. This is the third in a series of papers with the aim of studying the X-ray variability of different families of AGN. The main purpose of this work is to investigate the variability pattern(s) in a sample of optically selected Seyfert 2 galaxies. Methods. We use the 26 Seyfert 2s in the Véron-Cetty and Véron catalog with data available from Chandra and/or XMM-Newton public archives at different epochs, with timescales ranging from a few hours to years. All the spectra of the same source were simultaneously fitted, and we let different parameters vary in the model. Whenever possible, short-term variations from the analysis of the light curves and/or long-term UV flux variations were studied. We divided the sample into Compton-thick and Compton-thin candidates to account for the degree of obscuration. When transitions between Compton-thick and thin were obtained for different observations of the same source, we classified it as a changing-look candidate. Results. Short-term variability at X-rays was studied in ten cases, but variations are not found. From the 25 analyzed sources, 11 show long-term variations. Eight (out of 11) are Compton-thin, one (out of 12) is Compton-thick, and the two changing-look candidates are also variable. The main driver for the X-ray changes is related to the nuclear power (nine cases), while variations at soft energies or related to absorbers at hard X-rays are less common, and in many cases these variations are accompanied by variations in the nuclear continuum. At UV frequencies, only NGC 5194 (out of six sources) is variable, but the changes are not related to the nucleus. We report two changing-look candidates, MARK 273 and NGC 7319. Conclusions. A constant reflection component located far away from the nucleus plus a variable nuclear continuum are able to explain most of our results. Within this scenario, the Compton-thick candidates are dominated by reflection, which suppresses their continuum, making them seem fainter, and they do not show variations (except MARK 3), while the Compton-thin and changing-look candidates do.
Introduction
It is widely accepted that active galactic nuclei (AGN) are powered by accretion onto a supermassive black hole (SMBH, Rees 1984) . Among them, the different classes of Seyfert galaxies (type 1/type 2) have led to postulating a unified model (UM) for all AGN (Antonucci 1993; Urry & Padovani 1995) . Under this scheme, the SMBH is fed by the accretion disk that is surrounded by a dusty torus. This structure is responsible for obscuring the region where the broad lines are produced (known as broad line region, BLR) in type 2 objects, while the region where the narrow lines are produced (narrow line region, NLR) is still observed at optical frequencies. The difference between type 1 and 2 objects is therefore due to orientation effects.
In agreement with the UM, the type 1/type 2 classifications at X-ray frequencies are based on the absorption column density, N H , because it is related with the obscuring material along our line of sight (Maiolino et al. 1998) ; therefore, we observe a Seyfert 1 if N H < 10 22 cm −2 , i.e., unobscured view of the inner parts of the AGN, and a type 2 if the column density is higher, i.e., obscured view through the torus (e.g., Risaliti et al. 2002) . When N H > 1.5 × 10 24 cm −2 , the absorbing column density is higher than the inverse of the Compton-scattering cross-section, and the sources are known as Compton-thick (Maiolino et al. 1998) .
In fact, X-rays are a suitable tool for studying AGN because they are produced very close to the SMBH and because of the much smaller effect of obscuration at these frequencies than at UV, optical, or near-IR. Numerous studies have been made at X-ray frequencies to characterize the spectra of Seyfert galaxies (e.g., Turner et al. 1997; Risaliti 2002; Guainazzi et al. 2005b,a; Panessa et al. 2006; Cappi et al. 2006; Noguchi et al. 2009; LaMassa et al. 2011; Brightman & Nandra 2011a ). The present work is focused on Seyfert 2 galaxies, which represent ∼ 80% of all AGN (Maiolino & Rieke 1995) . The works mentioned above have shown that the spectra of these objects are characterized by a primary power-law continuum with a photoelectric cut-off, a thermal component, a reflected component, and an iron emission line at 6.4 keV. It is important to appropiately account for the physical parameters of their spectra in order to constrain physical properties of the nuclei.
Given that variability across the electromagnetic spectrum is a property of all AGN, understanding these variations offers an exceptional opportunity to constrain the physical characteristics of AGN, which are known to show variations on timescales ranging from a few days to years (Peterson 1997) . The first sys- 1 All distances are taken from the NED and correspond to the average redshift-independent distance estimates.
tematic variability study of Seyfert 2 galaxies was performed by Turner et al. (1997) using ASCA data. Their results show that short-term variability (from hours to days) is not common in Seyfert 2s, in contrast to what is observed in Seyfert 1 (e.g., Nandra et al. 1997) . Because these galaxies are obscured by the torus, the lack of variations could come from these sources being reflection-dominated, as shown by some authors that studied Compton-thick sources (Awaki et al. 1991; LaMassa et al. 2011; Matt et al. 2013; Arévalo et al. 2014 ). However, a number of Seyfert 2s actually do show variations. The study of the variability has been approached in different ways from the analysis of the light curves to study of short-term variations (Awaki et al. 2006) , through count-rate or flux variations (Isobe et al. 2005; Trippe et al. 2011) , or comparisons of spectra of the same source at different epochs (LaMassa et al. 2011; Marinucci et al. 2013; Marchese et al. 2014 ). The observed variations may be related with absorbing material that crosses our line of sight (Risaliti et al. , 2010 and/or can be intrinsic to the sources (Evans et al. 2005; Sobolewska & Papadakis 2009; Braito et al. 2013) . A few Seyfert 2s also showed changes from being reflection-dominated to transmission-dominated objects, so were called changing-look objects Guainazzi 2002; Matt et al. 2003; Risaliti et al. 2010 ).
Although it is well established that a number of Seyfert 2s are variable, it is unknown whether the same kind of variation is common for all the nuclei or, more important, what drives those variations. It is the purpose of this paper to systematically study the variability pattern at X-rays in Seyfert 2 nuclei. This is the third in a series of papers aimed at studying the X-ray variability in different families of AGN. In Hernández-García et al. (2013 , 2014 , this study was made for LINERs, while the study of Seyfert 1 and the comparison between different families of AGN will be presented in forthcoming papers. This paper is organized as follows. In Sec. 2 the sample and the data are presented, and data reduction is explained in Sect. 3. The methodology used for the analysis is described in Sect. 4, including individual and simultaneous spectral fittings, comparisons using data with different instruments, long-term X-ray and UV variations, short-term X-ray variations, and Comptonthickness analysis. The results derived from this work are explained in Sect. 5 and are discussed in Sect. 6. Finally, the main conclusions are summarized in Sect. 7.
Sample and data
We used the 13th edition of the Véron-Cetty and Véron catalogue (Véron-Cetty & Véron 2010), which contains quasars and active galactic nuclei. We selected galaxies located at redshift below 0.05 and classified as Seyfert 2 (S2) or objects with broad polarized Balmer lines detected (S1h). Indeed, S1h objects are those optically classified as Seyfert 2 that show broad lines in polarized light, which is the reason for their selection. This subsample includes 730 S2 and 27 S1h.
We searched for all the publicly available data for sources with observations in more than one epoch with Chandra and/or XMM-Newton using the HEASARC 2 browser up to May 2014.
This first selection includes 73 nuclei. To be able to properly fit and compare spectra at different epochs, we selected sources with a minimum of 400 number counts in the 0.5-10.0 keV energy band, as required to use the χ 2 -statistics. Thirty-four galaxies and nine observations did not met this criterium and were excluded from the sample. Objects affected by a pileup fraction higher than 10% were also removed, which made us exclude three objects and 14 observations.
For the remaining 36 nuclei we searched for their optical classifications in the literature with the aim of including only pure Seyfert 2 objects in the sample. Nine galaxies were excluded following this condition: NGC 4258, and NGC 4374 (S1.9 and L2 in Ho et al. 1997), 3C 317.0 and 3C 353.0 (LINERs in NED 3 ), NGC 7314 (S1.9 in Liu & Bregman 2005) , MCG-03.34.064 (S1.8 in Aguero et al. 1994) , NGC 5252 (S1.9 in Osterbrock & Martel 1993) , and NGC 835 and NGC 6251 (LINERs in González-Martín et al. 2009b) . NGC 4472 was also excluded because its classification is based on the upper limits of line intensity ratios (Ho et al. 1997) , and other classifications have been found in the literature (e.g., Boisson et al. 2004 ).
The final sample of Seyfert 2 galaxies contains 26 objects, 18 classified as S2 and 8 classified as S1h in Véron-Cetty & Véron (2010) . However, we revisited the literature to search for hidden broad-line-region (HBLR, an usual name for S1h) and non-hidden broad-line-region (NHBLR) objects (e.g., Tran et al. 1992; Tran 1995; Moran et al. 2000; Lumsden et al. 2001; Gu & Huang 2002) . We found two additional HBLR (MARK 1210 and MARK 477) and five NHBLR (MARK 1066, NGC 3079, NGC 5194, NGC 5643, and NGC 7172) sources. We did not find information about the remaining 11 nuclei, so we assumed they are most probably not observed in polarized light.
The final sample of Seyfert 2s in our work thus contains 26 objects (including 10 HBLR and five NHBLR). The target galaxies and their properties are presented in Table 1 . Tables are in Appendix A, and notes on the individual nuclei in Appendix B and images at different wavelenths in Appendix C.1.
Data reduction

Chandra data
Chandra observations were obtained from the ACIS instrument (Garmire et al. 2003) . Data reduction and analysis were carried out in a systematic, uniform way using CXC Chandra Interactive Analysis of Observations (CIAO 4 ), version 4.3. Level 2 event data were extracted by using the task acis-process-events. Background flares were cleaned using the task lc clean.sl 5 , which calculates a mean rate from which it deduces a minimum and maximum valid count rate and creates a file with the periods that are considered by the algorithm to be good.
Nuclear spectra were extracted from a circular region centered on the positions given by NED 6 . We chose circular radii, aiming to include all possible photons, while excluding other sources or background effects. The radii are in the range between [2] [3] [4] [5] ′′ (or 4-10 pixels, see Table A .1). The background was extracted from circular regions in the same chip that are free of sources and close to the object.
For the source and background spectral extractions, the dmextract task was used. The response matrix file (RMF) and ancillary reference file (ARF) were generated for each source region using the mkacisrmf and mkwarf tasks, respectively. Finally, the spectra were binned to have a minimum of 20 counts per spectral bin using the grppha task (included in ftools), to be able to use the χ 2 statistics.
XMM-Newton data
XMM-Newton observations were obtained with the EPIC pn camera (Strüder et al. 2001) . The data were reduced in a systematic, uniform way using the Science Analysis Software (SAS 7 ), version 11.0.0. First, good-timing periods were selected using a method that maximizes the signal-to-noise ratio of the net source spectrum by applying a different constant count rate threshold on the single events, E > 10 keV field-of-view background light curve. We extracted the spectra of the nuclei from circles of 15-30 ′′ (or 300-600 px) radius centered on the positions given by NED, while the backgrounds were extracted from circular regions using an algorithm that automatically selects the best area -and closest to the source -that is free of sources. This selection was manually checked to ensure the best selection for the backgrounds.
The source and background regions were extracted with the evselect task. The response matrix files (RMF) and the ancillary response files (ARF) were generated using the rmfgen and arfgen tasks, respectively. To be able to use the χ 2 statistics, the spectra were binned to obtain at least 20 counts per spectral bin using the grppha task.
Light curves
Light curves in three energy bands (0.5-2.0 keV, 2.0-10.0 keV, and 0.5-10 keV) for the source and background regions as defined above were extracted using the dmextract task (for XMMNewton) and evselect task (for Chandra) with a 1000 s bin. To be able to compare the variability amplitudes in different light curves of the same object, only those observations with a net exposure time longer than 30 ksec were taken into account. For longer observations, the light curves were divided into segments of 40 ksec, so in some cases more than one segment of the same light curve can be extracted. Intervals with flare-like events and/or prominent decreasing/increasing trends were manually rejected from the source light curves. We notice that after excluding these events, the exposure time of the light curve could be shorter, thus we recall that only observations with a net exposure time longer than 30 ksec were used for the analysis. The light curves are shown in Appendix D. We recall that these values are used only for visual inspection of the data and not as estimators of the variability (as in Hernández-García et al. 2014 ).
Methodology
The methodology is explained in Hernández-García et al. (2013) and Hernández-García et al. (2014) . In contrast to the study of LINER nuclei, we added a new model (namely 2ME2PL), and a cold reflection component for the individual spectral fittings and an analysis of the Compton-thickness for the Seyfert galaxies. Additionally, we changed the way we estimate the nuclear contribution in XMM-Newton spectra to perform the simultaneous fit using different instruments (see Sect. 4.2) . A comparison with a sample of LINERs will be performed in a forthcoming paper. For clarity, we recall the procedure below.
Individual spectral analysis
An individual spectral analysis allowed us to select the bestfit model for each data set. We added a new model with respect to previous works (2ME2PL), including an additional thermal component to the more complex model, ME2PL, to explain the two ionized zones observed in some Seyfert galaxies (e.g., Netzer & Turner 1997; Bianchi et al. 2010) . Then, we also added a cold reflection component (PEXRAV in XSPEC, Magdziarz & Zdziarski 1995) to the best-fit model to check whether this component improves the fit. We used XSPEC 8 version 12.7.0 to fit the data with six different models:
• PL: A single power law representing the continuum of a nonstellar source. The empirical model is
• ME: The emission is dominated by hot diffuse gas, i.e., a thermal plasma. A MEKAL (in XSPEC) model is used to fit the spectrum. The model is
• 2PL: In this model the primary continuum is an absorbed power law representing the non stellar source, while the soft energies are due to a scattering component that is represented by another power law. Mathematically the model is explained as
• MEPL: The primary continuum is represented by an absorbed power law, but at soft energies a thermal plasma dominates the spectrum. Empirically it can be described as
• ME2PL: This is same model as MEPL, but an additional power law is required to explain the scattered component at soft energies, so mathematically it is
• 2ME2PL: The hard X-ray energies are represented by an absorbed power law, while the spectrum shows a complex structure at soft energies, where a composite of two thermal plasmas plus a power law are required. In Seyfert galaxies, at least two ionized phases (a warm and a hot) are required to properly fit their spectra (Netzer & Turner 1997) , which is confirmed by high resolution data (e.g., Bianchi et al. 2010; Marinucci et al. 2011) . Ideally, the spectral fit should be made by using photoionization models to fit high quality data (e.g., RGS) and then use the obtained spectral parameters to fit lower quality data, as in Bianchi et al. (2010) or González-Martín et al. (2010) . We tried to use photoionized models using Cloudy to fit the soft emission. We found that, due to the low resolution of our data, these models fit the data similarly to MEKAL models. Therefore, for simplicity, in this work we represent the photoionized gas by two thermal plasmas plus Gaussian lines when required (see below). The power law at soft energies represents the scattering component. Although this is probably a simple model for fitting the complexity of the spectra, the data analyzed in this work do not have enough spectral resolution to properly fit the data with more realistic models, and therefore this model is enough for our purposes. It is represented as
• (Best-fit model) + PEXRAV: From the six models described above, we selected the one that provided the best fit to the data and added a reflection component (we have chosen PEXRAV within XSPEC) to account for a plausible contribution of this component in highly obscured Seyfert 2s. The parameters of the MEKAL component(s) were frozen to the best-fit values. In this model the absorbed power law at hard energies represents the transmitted component, while the PEXRAV is indicative of the reflected fraction from the primary continuum alone, by setting the reflection scaling factor to 1. The spectral index was set to be that of the power law(s), the exponential cutoff was fixed to 200 keV, and the inclination angle to 45
• . These parameters are based on typical values obtained from X-ray analyses at harder energies (e.g., Guainazzi et al. 2005b; Matt et al. 2004; Akylas & Georgantopoulos 2009; Noguchi et al. 2009 ). The free parameters in this model are therefore N H1 , N H2 , Γ, Norm 1 , Norm 2 , and Norm pex . It is worth noting that we tried similar models to fit the data, such as exchanging the hard PL by PEXRAV or by an absorbed PEXRAV, and obtained very similar results, but the model explained above allowed the use of the F test to check for eventual improvements in the fits.
In the equations above, σ(E) is the photo-electric cross-section, z is the redshift, and Norm i are the normalizations of the power law, the thermal component or the reflected component (i.e., Norm 1 , Norm 2 , and Norm pex ). For each model, the parameters that vary are written in brackets. The Galactic absoption, N Gal , is included in each model and fixed to the predicted value (Col. 5 in Table 1 ) using the tool nh within ftools (Dickey & Lockman 1990; Kalberla et al. 2005 ). Even if not included in the mathematical form above, all the models include three narrow Gaussian lines to take the iron lines at 6.4 keV (FeKα), 6.7 keV (FeXXV), and 6.95 keV (FeXXVI) into account. In a few cases, additional Gaussian lines were required at soft energies from a visual inspection, including Ne X at 1.2 keV, Mg XI at 1.36 keV, Si XIII at 1.85 keV, and S XIV at 2.4 keV.
The χ 2 /d.o. f and F test were used to select the simplest model that represents the data best.
Simultaneous spectral analysis
Once the individual best-fit model is selected for each observation, and if the models are different for the individual observations, then the most complex model that fits each object was chosen. This model was used to simultaneously fit spectra obtained at different dates of the same nuclei. Initially, the values of the spectral parameters were set to those obtained for the spectrum with the largest number counts for each galaxy. To determine whether spectral variations are observed in the data, this simultaneous fit was made in three steps: 0. SMF0 (Simultaneous fit 0): The same model was used with all parameters linked to the same value to fit every spectra of the same object, i.e., the non-variable case. 1. SMF1: Using SMF0 as the baseline for this step, we let the parameters N H1 , N H2 , Γ, Norm 1 , Norm 2 , Norm pex , kT 1 , and kT 2 vary individually. The best fit was selected for the χ 2 r closest to unity that improved SMF0 (using the F test). 2. SMF2: Using SMF1 as the baseline for this step (when SMF1 did not fit the data well), we let two parameters vary, the one that varied in SMF1 along with any of the other parameters of the fit. The χ 2 r and F test were again used to confirm an improvement in the fit.
When data from the same instrument were available at different epochs, this method was applied separately for Chandra and/or XMM-Newton. However, in some cases only one observation was available per instrument. Instead of directly comparing the spectra from different instruments, we tried to decontaminate the extranuclear emission in XMM-Newton data, to make sure that the emission included in the larger aperture did not produce the observed variability. This additional analysis was performed by extracting an annular region from Chandra data, fitting the models explained above to its spectrum, and selecting the one that best fits the annular region. This model was later incorporated into the XMM-Newton spectrum (with its parameters frozen), so the parameters of the nuclear emission can be estimated. We determined the contribution by the annular region to the Chandra data from the number counts (i.e., modelindependent) in the 0.5-10.0 keV energy band, and this percentage was used to estimate the number counts in the nuclear region of XMM-Newton data. Following the same criteria as we used to select the data (see Sect. 2) , data from different instruments were compared when the number counts in the nuclear XMMNewton spectrum was more than 400 counts. We note that this procedure differs from the one used in Hernández-García et al. (2013 , 2014 . When multiple observations of the same object and instrument were available, we compared the data with the closest dates (marked with c in Table A .1).
Flux variability
The luminosities in the soft and hard X-ray energy bands were computed using XSPEC for both the individual and the simultaneous fits. For their calculation, we took the distances from NED, corresponding to the average redshift-independent distance estimate for each object, when available, or to the redshiftestimated distance otherwise; distances are listed in Table 1 .
When data from the optical monitor (OM) onboard XMMNewton were available, UV luminosities (simultaneously to Xray data) were estimated in the available filters. We recall that UVW2 is centered at 1894Å (1805-2454) Å, UVM2 at 2205Å (1970-2675) Å, and UVW1 at 2675Å (2410-3565) Å. We used the OM observation FITS source lists (OBSMLI) 9 to obtain the photometry. When OM data were not available, we searched for UV information in the literature. We note that in this case, the X-ray and UV data might not be simultaneous (see Appendix B).
We assumed an object to be variable when the square root of the squared errors was at least three times smaller than the difference between the luminosities (see Hernández-García et al. 2014 , for details).
Short-term variability
Firstly, we assumed a constant count rate for segments of 30-40 ksec of the observation in each energy band and calculated 9 ftp://xmm2.esac.esa.int/pub/odf/data/docs/XMM-SOC-GEN-ICD-0024.pdf χ 2 /d.o.f as a proxy to the variations. We considered the source as a candidate for variability if the count rate differed from the average by more than 3σ (or 99.7% probability).
Secondly, and to be able to compare the variability amplitude of the light curves between observations, we calculated the normalized excess variance, σ 2 NXS , for each light curve segment with 30-40 ksec following prescriptions in Vaughan et al. (2003) (see also González-Martín et al. 2011b; Hernández-García et al. 2014) . We recall that σ 2 NXS is related to the area below the power spectral density (PSD) shape.
When σ 2 NXS was negative or compatible with zero within the errors, we estimated the 90% upper limits using Table 1 in Vaughan et al. (2003) . We assumed a PSD slope of -1, the upper limit from Vaughan et al. (2003) , and we added the value of 1.282err(σ 2 NXS ) to the limit to account for Poisson noise. For a number of segments, N, obtained from an individual light curve, an upper limit for the normalized excess variance was calculated. When N segments were obtained for the same light curve and at least one was consistent with being variable, we calculated the normalized weighted mean and its error as the weighted variance.
We considered short-term variations for σ 2 NXS detections above 3σ of the confidence level.
Compton thickness
Highly obscured AGN are observed through the dusty torus, in some cases with column densities higher than 1.5 × 10 24 cm −2
(the so-called Compton-thick). In these cases the primary emission can be reflected at energies ∼ 10 keV. Since the primary continuum cannot be directly observed, some indicators using X-rays and [O III] data have been used to select candidates (Ghisellini et al. 1994; Bassani et al. 1999; Panessa & Bassani 2002; Cappi et al. 2006) . To properly account for the slope of the power law, Γ, and the equivalent width of the iron line, EW(FeKα), an additional analysis was performed. We fit the 3-10 keV energy band of each spectrum individually with a PL model (see Sect. 4.1) to obtain the values of Γ and EW(FeKα). Compton-thick candidates can be selected by using three different criteria:
• Γ < 1 : since the transmitted component is suppressed below 10 keV, a flattening of the observed spectrum is expected González-Martín et al. 2009a ).
• EW(FeKα) > 500 eV : if the nuclear emission is obscured by a Compton-thick column density, the primary continuum underneath the FeKα line is strongly suppressed, and the equivalent width of the line enhanced to ∼keV (Krolik et al. 1994; Ghisellini et al. 1994 ).
• F(2 − 10keV)/F [OIII] < 1 : since the primary continuum is suppressed, the X-ray luminosity is underestimated, so when comparing with an isotropic indicator of the AGN power (as is the case for the [O III] emission line), the ratio between the two values decreases Guainazzi et al. 2005b; Cappi et al. 2006; González-Martín et al. 2009a ). Thus, we have used this ratio to select Compton-thick candidates, where the extinction-corrected [O III] fluxes were obtained from the literature (and corrected when needed following Bassani et al. 1999) , and the hard X-ray luminosities, L(2 − 10keV), from the individual fits were used (see Table  A .3) for the calculation.
We considered that a source is a Compton-thick candidate when at least two of the three criteria above were met.
Otherwise, the source is considered to be a Compton-thin candidate. When different observations of the same source result in different classifications, the object was considered to be a changing-look candidate.
The spectral fits reported in Sects. 4.1 and 4.2 are performed with the spectral indices of the soft, Γ so f t , and the hard, Γ hard , power laws tied to the same value. When a source is Comptonthick, its spectrum is characterized by a flat power law at hard energies (see above), whereas the slope of the power law is dominated by the scattered component if we tied Γ so f t = Γ hard , giving an unrealistic steep power-law index. Thus, the simultaneous analysis was repeated by leaving Γ so f t and Γ hard free for the objects classified as Compton-thick candidates. We first made the SMF1 with Γ hard vary and found that this component does not vary in any case. The values of Γ hard obtained for the Comptonthick candidates following this procedure are reported in Table  A .7 (Col. 9) . We checked that the rest of the parameters in the model are consistent with those reported in Table A .2 within the uncertainties. The same procedure was applied to Compton-thin candidates, and compatible values of Γ so f t and Γ hard were found. It is worth pointing out that it is not within the scope of this work to obtain the best spectral parameters for each source, but to obtain their variability patterns. Thus, we have kept the same general analysis for all the objects (i.e., with Γ so f t = Γ hard , although we notice that this is not the case for Compton-thick candidates), but this procedure does not affect the main results presented in this paper.
Results
In this section we present the results for the variability analysis of the Seyfert 2 galaxies individually (see Sect. 5.1), as well as the general results, including the characterization of the spectra of Seyfert 2s (Sect. 5.2), the long-term variability (Sect. 5.3), first for the whole sample in general and later divided into subsamples, X-ray short-term variations (Sect. 5.4), and flux variations at UV frequencies (Sect. 5.5). The main results of the analysis are summarized in Table 2 . Individual notes on each galaxy and comparisons with previous works can be found in Appendix B.
Individual objects
For details on the data and results, we refer the reader to the following tables and figures: the observations used in the analysis ( We classify it as a Compton-thin candidate. -NGC 5194: The simultaneous fit results in no variations (i.e., SMF0 was used) within an 11-year period. The annular region contributes with 91% to the Chandra data. When comparing data from XMM-Newton and Chandra, SMF0 results in the best representation of the data. Six Chandra light curves were analyzed in three energy bands, but variations are not reported. UV data are available in three filters, one showing variations (UVW1) and the remaining two not (UVW2, UVM2). We classify it as a Compton-thick candidate. -MARK 268: The XMM-Newton observations are separated by two days. SMF0 was used to fit the data. UV data are available in two filters (UVW1 and UVM2); none of them show variability. We classify it as a Compton-thin candidate. -MARK 273: Only one observation per instrument can be used for the variability analysis. The annular region contributes with 31% to the Chandra data. Variations in N H2 (51%) were needed in the SMF1. This corresponds to a luminosity variation of 24% (32%) in the soft (hard) energy band Table 1 . over a two-year period. UV data are available in two epochs, with no variations observed. The analysis of the Chandra light curve results in no short-term variations. Comptonthick and Compton-thin classifications were obtained for different observations, so we classify it as a changing-look candidate (see Table A .7). -Circinus: Chandra and XMM-Newton data are available at different epochs. The Chandra data analysis results in SMF0 (i.e., no variations) in a nine-year period, while the XMMNewton data set needs SMF2 with Norm 1 (34%) and Norm 2 (31%) varying within a 13-year period. However, the XMMNewton data did not show any flux variations. The spectra are quite complex, so two (at 1.85 (Si XIII) and 2.4 (S XIV) keV) and four (at 1.2 (Ne X), 1.36 (Mg XI), 1.85 (Si XIII), and 2.4 (S XIV) keV) additional Gaussian lines are required for the XMM-Newton and Chandra fits, respectively. The annular region contributes with 28% to the Chandra data. However, the comparison between the data sets was not carried out owing to the complexity of the spectra. Short-term variations are not found from a Chandra light curve. We classify it as a Compton-thick candidate. We notice that the variations obtained from XMM-Newton data will not be used for further discussion, because this variability seems to be caused by extranuclear sources (see B.18 for details), and therefore this nucleus is considered as non-variable. -NGC 5643: The XMM-Newton data were fitted with the SMF0; i.e., variations were not observed within a six-year period. We classify it as a Compton-thick candidate. % -MARK 477: The two observations are separated by two days. SMF0 was used, so no variations are reported. At UV frequencies variations are not found. We classify the source as a Compton-thick candidate.
-IC 4518A: The XMM-Newton data need SMF1 with Norm 2 (42%) varying. The variations are found in an eight-day period, and correspond to a flux variation of 40% (41%) in the soft (hard) energy band. We classify it as a Compton-thin candidate. Notes. (Col. 1) Name (the asterisks represent Compton-thick or changing look candidates), and the instrument (C: Chandra and/or X: XMM-Newton) in parenthesis; (Col. 2) (non) hidden broad line region objects only in the cases where there are available observations; (Cols. 3 and 4) logarithm of the soft (0.5-2 keV) and hard (2-10 keV) X-ray luminosities, where the mean was calculated for variable objects, and percentages in flux variations; (Col. 5) black-hole mass on logarithmical scale, determined using the correlation between stellar velocity dispersion (from HyperLeda) and black-hole mass (Tremaine et al. 2002) -ESO 138-G01: No variations are found (i.e., SMF0 was used) within a five-year period. We classify it as a Comptonthick candidate. -NGC 6300: The Chandra observations are separated by four days. SMF0 results in the best fit; i.e., variations are not found. The annular region contributes with 5% to the Chandra data. When comparing Chandra and XMMNewton data, SMF2 was used, with Norm 1 (98%) and Norm 2 (98%) varying over an eight-year period. We classify it as a Compton-thin candidate. -NGC 7172: SMF1 is the best representation of the XMMNewton data, with Norm 2 (54%) varying over a three-year period. This implies an intrinsic flux variation of 54% (53%) at soft (hard) energies. We classify it as a Compton-thin candidate. -NGC 7212: One observation per instrument is available. The annular region contributes with 16% to the Chandra data. When comparing both data sets, SMF0 is needed; i.e., variations are not found. We classify this source as a Comptonthick candidate. -NGC 7319: The best representation of the data used SMF2
with N H1 (passed from N H1 = 6.5 ×10 21 cm −2 to N H1 = N Gal ) and Norm 2 (39%) varying in a seven-year period. Intrinsic flux variations of 38% in both the soft and hard energy bands are obtained. The annular region contributes with 17% to the Chandra data. When comparing XMM-Newton and Chandra data, SMF1 with Norm 2 (54%) varying is required, implying flux variations of 71% (69%) at soft (hard) energies over six years. Short-term variations were not detected. We classify it as a changing-look candidate because Comptonthick and Compton-thin classifications were obtained for different observations (see Table A .7).
Spectral characteristics
The sample of 26 optically classified Seyfert 2 galaxies presented in this work show a variety of spectral shapes. None of them are well-fitted with the ME or the PL models alone. Composite models are required in all cases.
The models we used in previous works (to represent the spectra of LINERs, González-Martín et al. 2009b; Hernández-García et al. 2013 , 2014 describe the spectra of 12 galaxies well (MARK 348, ESO 417-G06, MARK 1066, 3C 98.0, NGC 3079, NGC 4698, NGC 5194, MARK 268, ESO 138-G01, NGC 6300, NGC 7172, and NGC 7319). Three models are required (2PL, MEPL, and ME2PL) for the spectral fits. Among the 15 objects in our sample observed in polarized light (see Table 1 ), one galaxy in this group has a HBLR and four a NHBLR.
On the other hand, 14 objects (NGC 424, MARK 573, NGC 788, MARK 3, MARK 1210, IC 2560, NGC 3393, NGC 4507, MARK 273, Circinus, NGC 5643, MARK 477, IC 4518A, and NGC 7212) show a more complex structure at energies below and around 2 keV, which cannot be fitted with a single thermal component. These nuclei need the 2ME2PL model to fit the data. Besides, four of the objects need additional Gaussian lines to properly fit the data. Nine galaxies in this group have a HBLR and one a NHBLR.
The addition of a cold reflection component to the best-fit model is not statistically required by the data, except in obsID 0064600101 (XMM-Newton) of 3C98.0. It is worth noting that even if a model including this component is physically more meaningful, the lack of data at harder energies prevents us from setting the best values required by the model, and therefore a single power law is enough for studying nuclear variations. On the other hand, we find that the cold reflection component remains constant for 3C 98.0 in SMF1. If this is the general scenario (see Sect. 6.2), the lack of this component in the models will not introduce biases into the variability analysis.
A thermal component at soft energies is needed to fit the data in 24 out of the 26 sources; in 14 cases, two MEKAL are needed. It is worth recalling that even if a MEKAL model fits the data well, because of its spectral resolution, photoionized models would be required to properly describe the data (see 
Long-term X-ray spectral variability
¿From the 26 galaxies in our sample, we compared data at different epochs from the same instrument in 19 cases. Among these, seven objects were observed with Chandra, 13 with XMMNewton, and in one case (namely Circinus) observations at different epochs with both instruments were available. Chandra and XMM-Newton data are available for the same object in 15 cases (see Table A .1). We did not compare these data sets for NGC 3079 because the number counts of the nuclear contribution of XMM-Newton spectrum (after decontaminating from the annular region) is not enough for a reliable spectral fit. Given that NGC 3079 has one observation per instrument that Left): the luminosities for the variable (dark blue) and non-variable (light blue) galaxies in the sample; and (Right): the luminosities for the galaxies in the sample divided into Compton-thick (purple), Compton-thin (red), and changing-look (orange) candidates. The dashed line represents the value for the selection of faint (below) and bright (above) Seyfert 2s.
cannot be compared, this object will not be used to discuss longterm variations. Additionally, the Chandra and XMM-Newton spectra of Circinus are very different, most probably because extranuclear sources are included in the XMM-Newton aperture radius, thus preventing us from properly comparing both. For the remaining 13 objects, the simultaneous analysis was carried out (Table A. 5), where the extranuclear emission were negligible in two cases (NGC 424 and NGC 788) . Four of these sources showed spectral variations. In total, 25 (out of 26) nuclei have been analyzed to study long-term X-ray spectral variations, with 11 of them (excluding Circinus 10 ) showing variability. In Fig. 4 (left) we present a histogram of the luminosities of the variable and non-variable sources. A K-S test results in p=0.006, so we can reject the hypothesis that the sample came from the same normal distribution. The spectral changes are mainly due to variations in the nuclear power (i.e., Norm 2 ), which is observed in nine nuclei (MARK 348, 3C 98.0, MARK 3, MARK 1210, NGC 4507, IC 4518A, NGC 6300, NGC 7172, and NGC 7319) . Changes in the column density (i.e., N H2 ) are also present in four cases (ESO 417-G06, MARK 273, MARK 1210, and NGC 4507 -in the last two accompained by changes in Norm 2 ). Changes at soft energies are found in two objects: NGC 7319 (N H1 together with Norm 2 ) and NGC 6300 (Norm 1 together with Norm 2 ). This means that from the 11 sources showing variations, most of them (nine out of 11) show variations in the nuclear continuum (i.e., Norm 2 ), while variations due to absorptions are less common (four in total, in two objects accompained by variations in Norm 2 ).
HBLR vs. NHBLR
¿From the 15 objects in the sample with available observations in polarized light (see Table 1 ), ten are HBLR objects and five NHBLR. Nine out of the ten HBLR objects need the 2ME2PL model for the spectral fits (except MARK 348). The mean values of the parameters in the simultaneous fits are reported in Therefore, although the number of objects in this subsample is not enough to be conclusive, it seems that there is no difference in either the proportion of variable objects or in the pattern of the variations.
Compton-thick vs. Compton-thin
We select Compton-thick candidates when at least two out of the three indicators were met (see Sect. 4.5). These indicators are obtained from X-ray (EW(FeKα) and Γ) and the [O III] line (F x /F [OIII] ) data. In Fig. 5 we represent the histogram of these values for the whole sample, where the mean was calculated when multiple observations were available (from Table A (MARK 273, and NGC 7319) . The mean values of the spectral parameters in these subgroups are reported in Table 3 , where Compton-thin candidates are more luminous and less obscured and have steeper spectral indices than Compton-thick candidates. The spectral index of Comptonthick candidates was estimated using Γ so f t Γ hard (see details in Sect. 4.5) and the values are reported in Table A.7. Only one (out of the 12) Compton-thick candidates shows variations (MARK 3), in Norm 2 . Eight (out of 11) Compton-thin candidates show changes, with these variations related mainly to Norm 2 (seven cases, in three sources accompained by variations in N H2 or Norm 1 ) and only in one case to N H2 alone. The Therefore, the number of variable Compton-thin and changing look candidates is notably higher than that of Compton-thick candidates.
Bright vs. faint nuclei
In Fig. 4 (right) , we present the histogram of the luminositites of the AGN in the sample as reported in Table 2 , for Compton-thick (purple), Compton-thin (red), and changing-look (orange) candidates. A bimodal distribution can be appreciatted (K-S test, p=0.030), with the difference around log(L(2-10 keV))∼42. Based on this histogram we separate the objects into faint (with log(L(2-10 keV))<42) and bright (log(L(2-10 keV))>42) Seyfert 2s. ¿From these, 15 sources are bright, including four Comptonthick (one variable, MARK 3), two changing-look (both variable, MARK 273, and NGC 7319), and nine Comptonthin (seven variable, MARK 348, ESO 417-G06, 3C 98.0, MARK 1210, NGC 4507, IC 4518A, and NGC 7172) . The remaining 11 objects are faint Seyfert 2s, including three Compton-thin (one shows variations, NGC 6300) and eight Compton-thick (none varies).
In total, 10 (out of 15) bright nuclei, and one (out of 10) faint nuclei show variations. Therefore, brighter sources include more variable sources and less Compton-thick candidates, a trend that can be derived by comparing left-and righthand panels in Fig.  4 . Moreover, we note that NGC 6300 (i.e., the only faint source that varies) has log(L(2-10 keV))=41.95, very close to the established luminosity limit. The mean values of the spectral parameters of these subgroups are reported in Table 3 , where faint objects show a steeper power law index than bright objects.
Short-term X-ray variability
Observations with a net exposure time > 30 ksec are used to study short-term variations. This requirement leaves us with ten sources for the analysis (see Table A .6). Three of them (IC 2560, NGC 5194, and MARK 573) show positive values of σ 2 NXS , but below 3σ of confidence level in all cases. Therefore we cannot claim short-term variations in any of the objects in our sample. Upper limits of σ 2 NXS have been estimated for all the other cases. 
Long-term UV flux variability
XMM-Newton data at different epochs were used to study longterm X-ray spectral variations in 13 sources. In nine of them data from the OM cannot be used because the source is outside the detector or because the same filter is not available at different epochs. In contrast, two objects (MARK 273 and NGC 5194) have OM data while the sources were out of the pn detector, so these data were also used to search for variations at UV frequencies. Thus, UV data for variability studies are available for six galaxies (3C 98.0, NGC 4698, NGC 5194, MARK 268, MARK 273, and MARK 477) . Only NGC 5194 shows variations above 3σ of the confidence level in one filter (UVW1).
We also searched in the literature for UV variations for the sources in the sample, but this information was available only for MARK 477 (see Appendix B). Comparing the analyses at X-rays and UV, two out of the six sources do vary at X-rays but not at UV frequencies (3C98.0 and MARK 273), and one (NGC 5194) does not show variations in X-rays but it does at UV. The remaining three objects do not vary neither in X-rays nor at UV frequencies.
Discussion
X-ray spectral variability
A long-term X-ray variability analysis was performed for 25 out of the 26 nuclei in our sample of Seyfert 2 galaxies 11 . From these, 11 sources are variable at X-rays. Among the remaining 14 nuclei where variations are not detected, 11 are Comptonthick candidates, and therefore variations are not expected (e.g., Matt et al. 2013 , and references therein). This agrees well with our results, where only one out of the 12 Compton-thick candidates shows variations. We refer the reader to Sect. 6.2 for a complete discussion about Compton-thick candidates. The other three nuclei where variations are not detected are Compton-thin candidates (NGC 788, NGC 4698, and MARK 268) . The lack of variations may be due to the short timescale between observations for MARK 268 (two days). The timescales between observations for the other two sources are on the order of years, so, in principle, variations could be detected. New data would therefore be required before confirming the non-variable nature of these sources.
In this section the discussion is focused on the different patterns of variability obtained for the 11 variable nuclei, including eight Compton-thin, two changing-look, and one Compton-thick candidates. We notice that this is the first time that transitions from a Compton-thin to a Compton-thick (or vice versa) appearance have been reported for MARK 273 and NGC 7319, which should be added to the short list of known changing-look Seyfert 2s, such as NGC 2992 (Gilli et al. 2000) , MARK 1210 , NGC 6300 (Guainazzi 2002) , NGC 7674 (Bianchi et al. 2005a) , and NGC 7582 ).
Variations at soft energies
We found that most of the objects in our sample do not vary at soft X-ray energies, indicating that the mechanism responsible for the soft emission should be located far from the nucleus. Indeed, using artificial neural networks, González-Martín et al. (2014) compared the spectra of different classes of AGN and starburst galaxies and find that Seyferts 2 have a high contribution from processes that are related star formation, which may be related to emission coming from the host galaxy.
Notwithstanding, two sources show variations at soft energies (<2 keV), each showing a different variability pattern, but in both cases these variations are accompanied by variations in the normalization of the hard power law; NGC 6300 shows variations in the normalization at soft energies, Norm 1 , when comparing data from XMM-Newton and Chandra; and NGC 7319 showed variations in the absorber at soft energies, N H1 , when comparing two Chandra observations. It is worth noting that the soft X-ray fluxes are on the order of 10 −13 erg cm −2 s −1 in the two nuclei, which is typical of Seyfert galaxies (Guainazzi et al. 2005b) , so these variations are not related to low-count number statistics. However, variations at soft energies in these sources have not been reported before. Up to now, such variations have only been found for two Seyfert 2s. Paggi et al. (2012) found variations at soft X-rays in the Seyfert 2 MARK 573 when comparing four Chandra observations. This nucleus is also included in the present sample, but variations are not found here, mainly because we did not use two of the observations included in the work of Paggi et al. (2012) since they were affected by a pileup fraction higher than 10%. Guainazzi et al. (2012) speculate that variations at soft X-ray energies in MARK 3 may be present when comparing XMM-Newton and Swift data, but confirmation is still required. They argue that these variations are most probably due to cross-calibration uncertainties between the instruments, but if true, soft X-ray variations could be related to the innermost part of the narrow-line region.
On the other hand, the variability patterns found in this work have also been reported for other types of AGN. Variations in the absorbers, as seen in NGC 7319, were found by González-Martín et al. (2011a) , who used Suzaku data to study the LINER 2 NGC 4102. They argue that the variations at soft energies are due to an absorbing material located within the torus and perpendicular to the plane of the disk. Variability timescales can be used to estimate the lower limits of the cloud velocity (e.g., Risaliti et al. 2007 ). However, the timescales between our observations were obtained randomly, so the variability timescale of the eclipse can be shorter. In the case of NGC 7319, variations are obtained within a timescale of seven years, which is too long to estimate the distance at which the cloud is located. It is worth noting that we classified this object as a changinglook candidate. Besides, we found that NGC 6300 varied the normalizations at soft and hard energies. Using the same method as explained in this work, Hernández-García et al. (2013) find the same variability pattern in the LINER 2 NGC 4552, indicating that these variations may be intrinsic to the emitting material.
Absorber variations
Variations in the circumnuclear absorbers are thought to be very common in Seyfert galaxies. In fact, these variations are usually observed in Seyferts 1-1.9 (e.g., NGC 1365, Risaliti et al. 2007; NGC 4151, Puccetti et al. 2007; MARK 766, Risaliti et al. 2011) , where it has been shown that the changes are most probably related to the broad line region (BLR), although it has been suggested that multiple absorbers may be present in an AGN, located at different scales (Braito et al. 2013) . However, it is not so clear whether variations due to absorbers are common for optically classified Seyfert 2s, for which this kind of variation has only been reported in a few cases (e.g., MARK 348, Marchese et al. 2014; NGC 4507, Braito et al. 2013 and Marinucci et al. 2013; MARK 1210 , Risaliti et al. 2010 .
¿From the 11 variable sources in our sample, variations due to absorbers at hard energies are detected in four nuclei. In two of them, MARK 1210 and NGC 4507, variations in N H2 are accompained by variations in the nuclear continuum, Norm 2 . The variability pattern reported for these objects agrees with previous results presented by Risaliti et al. (2010) and Braito et al. (2013) , who argue that the physical properties of the absorber are consistent with these variations occurring in the BLR. Following prescriptions in Risaliti et al. (2010) and using the BH masses (Table 2 ) and variability timescales of one and ten days for MARK 1210 and NGC 4507, respectively, we estimate the cloud velocities to be higher than 10 3 km s −1 in both cases, thus also locating the absorbers at the BLR.
On the other hand, ESO 417-G06 and MARK 273 showed variations only in N H2 . Trippe et al. (2011) report variations of a factor about two in the count rate of ESO 417-G06 from the 22-month survey of Swift, and Balestra et al. (2005) fit the XMMNewton and Chandra spectra of MARK 273 studied in this work and note that different column densities were required to fit the data well (its values in good agreement with ours), indicating variations due to absorption. The timescale between observations for ESO 417-G06 is 40 days and two years for MARK 273. Therefore, we cannot estimate the cloud velocity for MARK 273 because the timescale is too large. Assuming the variability timescale of ESO 417-G06 (40 days) and following prescriptions in Risaliti et al. (2010) , we estimate a cloud velocity > 60 km s −1 , so too low to restrict the location of the cloud. Since this estimate is a lower limit of the cloud velocity, a monitoring campaign of these sources would be needed to constrain their variability timescales, in order to properly constrain the locus of the absorbers.
Flux variations
The most frequently varying parameter in our sample is Norm 2 , which is related to the nuclear continuum. These kinds of variations are observed in nine out of the 11 X-ray variable sourcessometimes accompanied by variations in other parameters (see Sects. 6.1.1 and 6.1.2). Therefore the most natural explanation for the observed variations in Seyfert 2 galaxies is that the nuclear power is changing with time. We recall that variations are not due to changes in the power law index, Γ, but related to its normalization. It has been shown that hard X-ray variability is usual in Seyfert 2 galaxies (e.g., Turner et al. 1997; Trippe et al. 2011; Marchese et al. 2014) . In fact, this kind of variation has already been reported in the literature for objects included in the present work from intrinsic flux variations indicating changes in the nuclear continuum (Isobe et al. 2005) or because they needed to set free the normalization of the power law for a proper fit to the data (LaMassa et al. 2011 ). Also at higher energies, Soldi et al. (2013) studied the long-term variability of 110 AGN selected from the BAT 58-month survey and argue in favor of a variable nuclear continuum plus a constant reflection component. Their result is independent of the classification of the objects, which includes Seyferts, NLSy1s, radio galaxies, and quasars.
Flux variations are indeed a property of AGN, and they have been reported at different frequencies for Seyfert 2s, such as in radio (Nagar et al. 2002; Neff & de Bruyn 1983) or infrared (Sharples et al. 1984; Hönig et al. 2012) . In the present work we used data from the OM onboard XMM-Newton to study UV variability. These data are available at different epochs for six objects in our sample, but only NGC 5194 shows variations in the UVW1 filter. This is a Compton-thick candidate that does not vary in X-rays, so variations at UV frequencies from the nuclear component are not expected. It has been shown that the UV/optical spectra of Seyferts 2 include scattered AGN light, and it can sometimes be produced by young starbursts, including supernovae explosions (e.g., González Delgado et al. 2004 ). In fact, supernovae explosions in NGC 5194 have been reported in 1945 (Van Dyk et al. 2011 , which could account for the observed variations in the UV.
None of the remaining five nuclei show variations at UV frequencies, although there are two nuclei that are variable in Xrays (3C 98.0 and MARK 273). The lack of UV variations could be explained because X-ray and UV variations might not happen simultaneously (e.g., Hernández-García et al. 2014) or because we are not directly observing the nucleus. Muñoz Marín et al. (2009) studied 15 Seyfert galaxies with HST data (including types 1 and 2) and found that most type 2 nuclei appear resolved or absent at UV frequencies, concluding that the UV emission in Seyfert 2s does not come from the nucleus. Thus, the lack of UV variations in Seyfert 2s is most probably because we are not directly observing the nucleus at UV. & Nandra (2011a) show that at column densities ∼ 4 × 10 24 cm −2 , the observed flux below 10 keV is half that of the intrinsic flux at harder energies (see also Ghisellini et al. 1994 ). This indicates that in Compton-thick objects, the primary continuum is so absorbed in the 2-10 keV energy band that the emission is optically thick to Compton scattering, and the spectrum is reflection-dominated. For this reason, we have distinguished between Compton-thin and Compton-thick candidates (see Sects. 4.5 and 5.3).
Compton-thickness
Brightman
However, the task of classifying Compton-thick objects with X-ray data comprising energies up to ∼ 10 keV is hard because the peak of the primary emission is above 10 keV. Instead, three different indicators involving X-ray and [O III] emission line data are used for their selection (see Sect. 4.5, for details). While the three criteria are met in most cases, our results have shown that the X-ray to [O III] line flux ratio, log(F x /F [OIII] ) is the most unsuitable indicator (see Fig. 5 ). This agrees with Brightman & Nandra (2011b) , who argue that this parameter can be inaccurate for classifying Compton-thick sources because of the uncertainty in the reddening correction of the [O III] line flux. Moreover, in Fig. 5 (right) there are four objects with log(F x /F [OIII] ) > 2.5, which is higher than the values found by other authors Cappi et al. 2006; Panessa et al. 2006) , what may be due to a underestimation of the [O III] line flux. Although the [O III] line is a good luminosity indicator, the reddening correction might depend on the geometry of the narrow line region, leading to an underestimation of its flux if we do not take it into account and leading to very high values of F x /F OIII .
In the present work, 12 nuclei are classified as Comptonthick candidates. Among them, variations are found only in MARK 3, which was previously classified as a Compton-thick candidate Goulding et al. 2012) , with a column density of 1.1 × 10 24 cm −2 measured by BeppoSAX (Cappi et al. 1999) . In fact, variations in MARK 3 have already been reported by Guainazzi et al. (2012) , who studied its variability using XMM-Newton, Suzaku, and Swift data, and found variations on timescales of months. We found that the changes in MARK 3 are related to Norm 2 , i.e., intrinsic to the source. The most likely explanation for these variations could therefore be that part of the emission is still transmitted below 10 keV, so variations can be observed.
Interestingly, we found that most of the Compton-thick candidates are non-variable and tend to be fainter than Comptonthin and changing-look candidates, which show X-ray variations (see Fig. 4 ). This can be explained because the intrinsic luminosity is underestimated if the primary continuum is suppressed at energies below 10 keV, in agreement with the results of Brightman & Nandra (2011a) . In fact, the only Comptonthick candidate that shows variations in X-rays is included as a bright Seyfert 2. It could be that variations are not observed because the spectra of Compton-thick sources are dominated by the reflection component. If so, this component might be located farther away from the central source, so it remains constant. This scenario agrees with the results we have obtained for the only source where a reflection component was statistically required by the data (namely 3C 98.0). These results are also in good agreement with those found by other authors, who did not find X-ray variability for objects classified as Compton-thick (e.g., NGC 424 and NGC 5194, LaMassa et al. 2011; Circinus, Arévalo et al. 2014; NGC 5643, Matt et al. 2013 ).
As noted above, if the reflection component does not vary, it might indicate that the reflection of the primary continuum occurs at large distances from the SMBH. The same result was obtained by Risaliti (2002) , who studied Seyfert 2s with BeppoSAX and found that the cold reflection component is compatible with being non-variable. They argue that if the reflection originates in the accretion disk, the reflection and the transmitted components must be closely related, but if the distance of the reflector to the SMBH is greater than the light crossing time of the intrinsic variations, the reflected component must remain constant. Therefore a reflector located far away from the SMBH is supported by our results, maybe in the torus or in the host galaxy.
Caveats and limitations of the analysis
The models used in this work to characterize the spectra of Seyfert 2 galaxies are a simplification of the true physical scenario occurring in these nuclei. In particular, the 2-10 keV energy band -where variations are mostly found -is represented by an absorbed power law continuum, which could be an oversimplification of the real scenario.
Spectral variability analyses of seven sources studied in this work have been reported previously. Since at least some of these works study individual sources, the models used in their analyses might be more complex than ours (see Appendix B, for details). This comparison shows that our results are almost always compatible with those reported in the literature (MARK 1210, Matt et al. 2009 and Risaliti et al. 2010; NGC 4507, Matt et al. 2004 , and Braito et al. 2013 MARK 273, Balestra et al. 2005 ; Circinus, Arévalo et al. 2014; NGC 6300, Guainazzi 2002; and NGC 7172, LaMassa et al. 2011 ). However, we cannot discard variations due to components that we did not fit in the models. For instance, Marchese et al. (2014) analyzed the XMM-Newton and Suzaku data of MARK 348 (also included in the present work), and report variations due to a neutral plus an ionized absorbers, together with a change in the ionization parameter of the ionized absorber. Their analysis is based on the residuals of the spectral fitting, where they include as many components as required, and the variability analysis is performed by testing different scenarios, including a variable continuum plus a constant reflection component (χ 2 /d.o. f =567.7/407), a variable continuum plus a variable reflection component (χ 2 /d.o. f =551.1/406, but variations are not observed), variations due to absorptions, and changes in the ionization state (χ 2 /d.o. f =551.6/407). We notice that our spectral fit of MARK 348 with Norm 2 varies results in a very good fit (χ 2 /d.o. f =1520.5/1368) when comparing the two XMM-Newton data sets, and residuals are mostly at energies below ∼ 2.5 keV (see Fig. 2 ). Therefore, the presence of complex variations like these in at least some sources in our sample cannot be completely discarded.
Conclusions
Using Chandra and XMM-Newton public archives we performed a spectral, flux, short-, and long-term variability analysis of 26 optically selected Seyfert 2 galaxies. The main results of this study can be summarized as follows:
1. Long-term variability was found in 11 out of the 25 analyzed nuclei, which are more frequent among the brightest sources (log(L(2-10 keV)) > 10 42 erg s −1 ). From the 11 variable sources, eight are Compton-thin candidates, two are changing-look, and only one (namely MARK 3) is a Compton-thick candidate. No difference in the variability is found among the HBLR and NHBLR objects. We report two changing-look candidates for the first time: MARK 273 and NGC 7319. 2. Short-term variability has not been detected in any of the sources. Nor UV variability. 3. The main driver of the observed variations is due to the power of the central engine manifested through variations in the normalization of the power law at high energies. At soft energies variations are rare, and column density variations have only been observed in four cases.
Our results are compatible with a scenario where a constant reflection component located far away from the nucleus and a variable nuclear continuum take place. Within this scenario, Compton-thick objects are dominated by reflection and do not show any X-ray spectral or flux variations. This implies that their luminosities are suppressed at hard X-rays, making them fainter sources than Compton-thin objects. In contrast, most of the Compton-thin or changing-look candidates are variable, showing different patterns of variability. These changes are mainly due to variations in the nuclear continuum. However, variations of the absorber or at soft energies are also found in some cases, with many of them accompanied by variations of the nuclear continuum. These variations are mainly due to clouds intersecting our line of sight. Hernández-García et al.: X-ray variability of Seyfert 2s Hernández-García et al.: X-ray variability of Seyfert 2s Hernández-García et al.: X-ray variability of Seyfert 2s Notes. (Col. 1) kind of analysis performed, where Ind refers to the individual fitting of the observation, SMF0 is the simultaneous fit without varying parametes, SMF1 is the simultaneous fit varying one parameter and SMF2 is the simultaneous fit varying two parameters, (Col. 2) obsID, where the * represents the data that are used as a reference model for the simultaneous fit, (Col. 3) best-fit model, (Col. 4, 5, 6, 7, 8 and 9 ) parameters in the model, where N H are in units of 10 22 cm −2 , and (Col. 10) χ 2 /d.o. f and in SMFx (where x = 1,2) the result of the F-test is presented in the second line. † The spectral index at hard energies is reported in Table A .7 for Compton-thick candidates. Table A. 3. X-ray luminosities.
Appendix A: Tables
Individual Simultaneous Name Satellite ObsID log(L(0.5-2 keV)) log(L(2-10 keV)) log(L(0.5-2 keV)) log(L(2-10 keV))
(1) (2) (3) (4) (5) (6) Hernández-García et al.: X-ray variability of Seyfert 2s Hernández-García et al.: X-ray variability of Seyfert 2s Notes. (Cols. 4 and 5) soft and hard intrinsic luminosities for individual fits, and (Cols. 6 and 7) soft and hard intrinsic luminosities for simultaneous fitting. Blanks mean observations that are not used for the simultaneous fittings. (Col. 4, 5, 6, 7 and 8) parameters of the best-fit model ( a n units of 10 22 cm −2 .), (Col. 9 and 10) soft and hard intrinsic luminosities, and (Col. 11) the percentage of the number counts contribution from the ring to the r ext aperture Chandra data in the 0.5-10.0 keV band. *Spectral parameters of the annular region in Chandra data. **Spectral parameters of the nuclear region in XMM-Newton data when the spectral parameters of the ring from Chandra data are included in the fit. Hernández-García et al.: X-ray variability of Seyfert 2s Hernández-García et al.: X-ray variability of Seyfert 2s 
Appendix B: Notes and comparisons with previous results for individual objects
In this appendix we discuss the general characteristics of the galaxies in our sample at different wavelenghts, as well as comparisons with previous variability studies. We recall that longterm UV variability and short-term X-ray variations were studied only for some sources (six and ten sources, see Tables 1 and  A (Miller & Goodrich 1990 ). It shows a spiral nuclear structure (see HST image in Appendix C.1). VLBI observations showed a compact radio core and jets structure at radio frequencies, and revealed variations in timescales from months to years at 6 and 21 cm (Neff & de Bruyn 1983) . The XMM-Newton image shows that the soft X-ray emission is very weak in this object (see Appendix C.1), which was classified as a Compton-thin object (e.g., Awaki et al. 2006 ). They fitted the data with a power law component transmitted throught three abosrbers (one neutral and two ionized), obtaining intrinsic luminosities of log(L(2-10 keV)) = 43.50 and 43.51, respectively. They reported variations attributed to changes in the column density of the neutral and one of the ionized absorbers, together with a variation of the ionization level of the same absorber, in timescales of months. They did not report variations in Γ and/or the continuum of the power law. Variations in the absorbing material in timescales of weeks/months were also reported by Smith et al. (2001) using RXTE data from 1996-97, but accompained with continuum variations in timescales of ∼ 1 day. They obtained luminosities in the range log(L(2-10 keV)) = [42. 90-43.53 ]. These results were in agreement with those later reported by Akylas et al. (2002) , who analyzed the same observations plus 25 RXTE observations. Our analysis shows that variations between the two XMM-Newton observations are due to changes in the nuclear continuum, but variations of the absorbing material are not required. These differences may be related to the different instruments involved in the analyses. Awaki et al. (2006) did not find short term variations from the analysis of the XMM-Newton data from 2002.
In the 14-195 keV energy band, Soldi et al. (2013) estimated a variability amplitude of 25[22-28]% using data from the Swift/BAT 58-month survey.
B.2. NGC 424
NGC 424 was optically classified as a type 2 Seyfert galaxy (Smith 1975) , and broad lines have been detected in polarized light (Moran et al. 2000) . At radio frequencies, it was observed with VLA at 6 and 20 cm, showing an extended structure (Ulvestad & Wilson 1989) . A possible mid-IR variability was reported by Hönig et al. (2012 Hönig et al. ( ) between 2007 Hönig et al. ( and 2009 , but it could also be due to an "observational inaccuracy". At X-rays, it is a Compton-thick source (Baloković et al. 2014) . Both spectra were fitted with a model consisting on two power laws, a cold reflection component (PEXRAV), and narrow Gaussian lines. They reported the same luminosity for the two spectra, log(L(2-10 keV)) = 41.68, indicating no variations. LaMassa et al. (2011) studied the same data set. They found no differences between the spectra and therefore fitted the data simultaneously with a simpler model, the 2PL. They estimated an intrinsic luminosity of log(L(2-10 keV)) = 41.56 [41.39-41.75] . With the same data set we did not find variations and obtained similar hard X-ray luminosities (41.85[41.79-41.92] ).
We did not find short-term variations from the XMMNewton light curve from 2008.
B.3. MARK 573
MARK 573 (also called UCG 1214) is a double-barred galaxy that shows dust lanes (Martini et al. 2001 , see also Appendix C.1). It was optically classified as a type 2 Seyfert galaxy (Osterbrock & Martel 1993) . Observations at 6 cm with VLA showed a triple radio source (Ulvestad & Wilson 1984) . A pointlike source is observed at hard X-rays, while extended emission can be observed at soft X-rays, aligned with the bars (see Appendix C.1). It was classified as a Compton-thick candidate (Guainazzi et al. 2005b; Bianchi et al. 2010; Severgnini et al. 2012) .
This galaxy was observed four times with Chandra between 2006 and 2010, and once with XMM-Newton in 2004. Bianchi et al. (2010) analysed the Chandra data from 2006 and did not report flux variations when they compared their results with the analysis performed by Guainazzi et al. (2005b) of the XMM-Newton spectrum from 2004. Paggi et al. (2012) studied the four Chandra observations, and fitted the nuclear spectrum with a combination of a two phased photoionized plasma plus a Compton reflection component (PEXRAV), reporting soft Xray flux variations at 4σ of confidence level that they attributed to intrinsic variations of the source. We did not detect variations for this source, the difference most probably because we did not use two of these observations since they are affected by a pileup fraction larger than 10%.
Ramos Almeida et al. (2008) analyzed the XMM-Newton light curve and found variations of ∼ 300 s. They argued that this is an obscured narrow-line Seyfert 1 galaxy instead of a type 2 Seyfert, based on near-IR data. We analysed two Chandra light curves but variations were not found.
B.4. NGC 788
This galaxy was optically classified as a type 2 Seyfert by Huchra et al. (1982) . A radio counterpart was detected with VLA data (Nagar et al. 1999) . At X-rays, it was classified as a Compton-thin candidate using ASCA data (de Rosa et al. 2012) , and shows a point-like source in the 4.5-8 keV energy band (see Appendix C.1).
It was observed once with Chandra in 2009 and once with XMM-Newton in 2010. Long term variability analyses of this source were not found in the literature. We did not find variations between the observations.
Variations of this source in the 14-195 keV energy band were studied by Soldi et al. (2013) using data from the Swift/BAT 58-month survey. They reported an amplitude of the intrinsic variability of 15 [11] [12] [13] [14] [15] [16] [17] [18] [19] %.
B.5. ESO 417-G06
This galaxy was optically classified as a type 2 Seyfert galaxy (Maia et al. 2003) . A radio counterpart was observed with VLA data (Nagar et al. 1999) . It was classified as a Compton-thin candidate (Trippe et al. 2011) .
This galaxy was observed twice with XMM-Newton in 2009. Long-term variability studies were not found in the literature. We found spectral variations due to changes in the absorber at hard X-ray energies. Trippe et al. (2011) reported short-term variations of a factor of ∼2 in the count rate in the light curves from Swift/BAT during the 22 month survey.
B.6. MARK 1066
MARK 1066 is an early-type spiral galaxy (Afanas'ev et al. 1981) showing a double nucleus (Gimeno et al. 2004) . It was optically classified as a type 2 Seyfert by Goodrich & Osterbrock (1983) , and broad lines were not detected in polarized light (Gu & Huang 2002) . A radio counterpart showing a jet was found by Ulvestad & Wilson (1989) . At X-rays, extended soft emission can be observed, aligned with a nuclear spiral structure observed at optical frequencies, also aligned with the IR emission (see Appendix C.1). Levenson et al. (2001) found this to be a heavily obscured AGN, with N H > 10 24 cm −2 and an equivalent width of the Fe line ∼ 3 keV using ROSAT and ASCA data, i.e., it was classified as a Compton-thick candidate.
The galaxy was observed once with Chandra in 2003 and once with XMM-Newton in 2005. Variability studies of this object were not found in the literature. We did not find X-ray variations either.
B.7. 3C 98.0
Using the optical line measurements in Costero & Osterbrock (1977) , it can be optically classified as a type 2 Seyfert (see an optical spectrum in Appendix C.1). A nuclear core plus jets structure was observed at radio frequencies with VLA (Leahy et al. 1997) .
3C 98.0 was observed twice with XMM-Newton in 2002 and 2003 and once with Chandra in 2008. Isobe et al. (2005) studied the two XMM-Newton data, and fitted its spectra with a thermal plus a power law model, reporting X-ray luminosities of log(L(2-10 keV)) = 42.90 [42.88-42.93] and 42.66[42.60-42 .71], respectively, indicating flux variability. These measurements agree well with ours, where variations due to the nuclear continuum were found. 
B.10. NGC 3079
This galaxy was optically classified as a type 2 Seyfert (Ho et al. 1997 , based on the spectra presented in Appendix C.1). Broad lines were not detected in polarized light (Gu & Huang 2002 ). The HST image shows dust lanes (Appendix C.1). A water maser and parsec-scale jets were observed at radio frequencies with VLBI (Trotter et al. 1998) . The X-ray image in the 0.6-0.9 keV energy band shows strong diffuse emission, while a point-like source is detected in the 4.5-8.0 keV energy band (see Appendix C.1). It has been classified as a Compton-thick object with BeppoSAX data (N H = 10 25 cm −2 , Comastri 2004 ) and evidences were found also at lower energies Akylas & Georgantopoulos 2009; Brightman & Nandra 2011a) .
It was observed once with Chandra and once with XMMNewton, both in 2001. We did not find variability studies of this source in the literature. We did not study its variability because the extranuclear emission in Chandra data was too high to properly compare XMM-Newton and Chandra observations.
It is worth noting that NGC 3079 is classified as a Comptonthin candidate in this work but it has been classified as a Compton-thick candidate by Cappi et al. (2006) using the same XMM-Newton observation. Since these data have the lowest signal-to-noise ratio, this mismatch is most probably due to a problem related with the sensitivity of the data, because we used only data from the pn detector, while they combined pn, MOS1, and MOS2 data in their study, i.e., Cappi et al. (2006) data have higher signal-to noise. We notice that cross-calibration uncertainties between pn and MOS cameras may add systematic to statistical uncertainties that can conceil possible intrinsic variability due to large error bars (Kirsch et al. 2004; Ishida et al. 2011; Tsujimoto et al. 2011) , thus preventing us from doing a variability analysis.
B.11. IC 2560
This galaxy was optically classified as a type 2 Seyfert (Fairall 1986 , see an optical spectrum in Appendix C.1). At hard X-rays it shows a point-like source (see Appendix C.1). It was classified as a Compton-thick object (Baloković et al. 2014) .
It was observed once with XMM-Newton in 2003 and once with Chandra in 2004. Variability studies were not found in the literature. We do not report X-ray variations for this source, neither at short nor at long term.
B.12. NGC 3393
NGC 3393 was optically classified as a type 2 Seyfert (Diaz et al. 1988 , see an optical spectrum in Appendix C.1). A radio counterpart was found using VLA data, the galaxy showing a double structure (Morganti et al. 1999 ). The HST image shows a nuclear spiral structure aligned with the soft X-ray emission, where the spiral structure can also be appreciated; this emission is perpendicular to the disc emission, observed at optical wavelenghts and aligned with the IR emission (see Appendix C.1). A point-like source is observed at hard X-rays (see Appendix C.1). It is a Compton-thick object observed by BeppoSAX (N H > 10 25 cm −2 , Comastri 2004 ).
This galaxy was observed once with XMM-Newton in 2003 and six times with Chandra between 2004 and 2012. Variability studies were not found in the literature. We did not find X-ray variations, neither at short nor at long term.
B.13. NGC 4507
The nucleus of this galaxy was optically classified as a type 2 Seyfert (Corbett et al. 2002 , see an optical spectrum in Appendix C.1). Broad lines have been detected in polarized light (Moran et al. 2000) . A radio counterpart was observed with VLA data (Morganti et al. 1999) . At X-rays, it shows a point-like source in the hard energy band (see Appendix C.1), and it is a Compton-thin source Braito et al. 2013) .
NGC 4507 was observed six times with XMM-Newton between 2001 and 2010, and once with Chandra in 2010. Matt et al. (2004) studied Chandra and XMM-Newton data from 2001. They fitted the XMM-Newton spectrum with a composite of two power laws, a Compton reflection component (PEXRAV), plus ten Gaussian lines, and the Chandra spectrum with a power law plus a Gaussian line (only in the 4-8 keV spectral range). They found that the luminosity of the Chandra data was about twice that of XMM-Newton. Marinucci et al. (2013) studied five observations from XMM-Newton in 2010. They fitted the spectra with two photoionised phases using Cloudy, a thermal component, an absorbed power law, and a reflection component. They reported variations of the absorber in timescales between 1.5-4 months. Braito et al. (2013) studied XMM-Newton, Suzaku, and BeppoSAX data spanning ∼ 10 years to study the Xray variability of the nucleus. They fitted the spectra with the model that best represents the Suzaku data, composed by two power laws, a PEXRAV component, and eight Gaussian lines, and found variations mainly due to absorption but also due to the intensity of the continuum level. They also fitted the spectra with the mytorus model 12 , and obtained similar results, although the continuum varied less. We found variations in the absorber and the normalization of the power law, in agreement with the results by Braito et al. (2013) .
We did not find short-term variations from the analysis of one XMM-Newton and another Chandra light curves. Soldi et al. (2013) reported an amplitude of the intrinsic variability of 20 [16] [17] [18] [19] [20] [21] [22] [23] [24] % in the 14-195 keV energy band using data from the Swift/BAT 58-month survey.
B.14. NGC 4698
This galaxy was optically classified as a type 2 Seyfert (Ho et al. 1997 , see their spectra in Appendix C.1). González-Martín et al. (2009b) classified it as a LINER, but Bianchi et al. (2012) reconfirmed the type 2 Seyfert classification using optical observations with the NOT/ALFOSC/Gr7. A radio counterpart was found by Ho & Ulvestad (2001) at 6 cm with VLA data. Georgantopoulos & Zezas (2003) stated that this is an atypical Seyfert 2 galaxy because it showed no absoption and lacks the broad line region. The Chandra image revealed point-like C.1), and broad lines were not detected in polarized light (Gu & Huang 2002 ). The HST image shows a nuclear spiral structure (see Appendix C.1). VLA data show a nuclear counterpart alongside fainter features extending to the east and west at radio frequencies (Morris et al. 1985) . The XMM-Newton image shows a compact source at hard X-ray energies. This is a Compton-thick object observed with BeppoSAX (N H > 10 25 cm −2 , Comastri 2004 Matt et al. (2013) analyzed the two observations from XMM-Newton, who found that the spectra are well reproduced by reflection from warm and cold matter. The spectral parameters were consistent with the same values for the two observations. Thus, variations are not observed. These results agree well with ours, where variations are not found.
